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The circular economy (CE) is an emerging system that moves away from the
traditional linear view of “make, use, and dispose” to one that is restorative
and regenerative to keep resources, such as water, at its highest value and util-
ity at all times. Water is essential to the CE due to its importance for human
life and because of the energy and material it contains. However, the move
toward more circular water solutions is accompanied by both technological
and social challenges for which, this article argues, stakeholder participation
and social learning are essential. Enabling diverse stakeholders to engage and
share different perspectives, interests, and needs, and ultimately to co-produce
knowledge, communities of practice (CoPs) are seen as a suitable approach to
discuss CE water technologies in their institutional context. Although CoPs
are being used widely in many sectors and disciplines, there is insufficient
focus and a lack of consensus on how to evaluate the CoPs to understand
whether and how the co-production of knowledge is effective and efficient.
This article gives an overview of the importance of water in the CE, explores
the rationale for knowledge co-production and CoPs, and proposes a CoP eval-
uation framework to draw together a consensus on the methods used for eval-
uating water knowledge co-production and social learning processes in the
transition toward the CE.
This article is categorized under:
• Human Water > Water as Imagined and Represented
• Engineering Water > Planning Water
• Water and Life > Conservation, Management, and Awareness
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1 | INTRODUCTION
Since the industrial revolution, water has predominantly been viewed in a linear way. Water is withdrawn from rivers,
reservoirs and groundwater aquifers; used by agriculture, industry, society and the environment; and then returned to
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the water basin directly or via a treatment facility (Tahir, Steichen, & Shouler, 2019). This current system is often ineffi-
cient as water is lost, polluted and wasted. In recent years, society and business have started to move away from this lin-
ear model of “make, use and dispose” and instead developed a system that is closed looped to increase efficiency and
optimize reuse (Abu-Ghunmi, Abu-Ghunmi, Kayal, & Bino, 2016; European Commission (EC), 2015; Ness, 2008). The
Ellen MacArthur Foundation who are key leaders in the field of the CE define it as the following: “A circular economy
(CE) is one that is restorative and regenerative by design and aims to keep products, components, and materials at their
highest utility and value at all times, distinguishing between technical and biological cycles” (Ellen MacArthur
Foundation, 2015, p. 2). The overarching idea is to break down the connection between growth and finite resource con-
sumption. Water is considered as essential to the CE due to its importance for human life but also because of the energy
and material it contains (Voulvoulis, 2018).
Creating a CE with water presents opportunities and challenges whereby a broad range of stakeholders, including
government, industry, and the public need to work together. Communities of practice (CoPs), defined as social learning
systems that bring together “people who share a concern or a passion for something they do and learn how to do it bet-
ter as they interact regularly” (Wenger-Trayner & Wenger-Trayner, 2015, p. 1), are seen as a potential solution to man-
age these processes as they enable geographically dispersed actors to connect to share insights, practices, frustrations,
and ultimately to co-produce knowledge and engage in collective action. Knowledge co-production is one of the steps
of conducting transdisciplinary research, characterized by “a continuous exchange among the participating scientists
and with the stakeholders” (Mauser et al., 2013, p. 428). The latter are explicitly referred to as nonacademic actors,
whose involvement is key for ensuring the societal relevance and scientific quality of research (Brugnach &
Özerol, 2019; Lang et al., 2012; Mauser et al., 2013). Although different scholars have made various conceptual distinc-
tions between co-creation and co-production, there is to-date little consistency and agreement within the literature on
these distinctions (cf. Brugnach & Özerol, 2019; Lawrence, 2015; Mauser et al., 2013). Accordingly, this article treats the
terms as interchangeable.
The goal of this article is to do the following: (a) give an overview of water in the CE and the rationale for co-
producing knowledge in the CE, (b) explore the effectiveness of CoPs for co-producing knowledge in the water CE,
(c) discuss the need for a CoP evaluation framework and present an experimental framework for evaluating the effec-
tiveness of CoPs in co-producing circular water solutions, and (d) define how CoPs can support the diffusion and
upscaling of CE in the water sector.
2 | WATER IN THE CE AND THE RATIONALE FOR CO-PRODUCTION
The Ellen MacArthur Foundation have defined three CE principles applicable to water systems (Tahir et al., 2018). The
first principle is to design out waste and pollution, both by optimizing the amount of energy and chemicals used in
operation of water systems, and by substituting the need for water itself in agriculture and industry. The second princi-
ple is to keep products and materials in use, through the recovery and reuse of energy (heat, biogas) and materials
(e.g., nutrients) from (waste)water. The third principle is to regenerate natural systems, by reducing water use and
ensuring minimum disruption to natural water systems from human intervention. The challenge is to better align the
human water cycle with the natural water cycle through the following measures: Avoid use, reduce use, reuse, recycle,
and replenish water.
Lessons learnt from successful transitions from the linear economy to a circular one show that active involvement
from all members of society and strong levels of collaboration is key (Ghisellini, Cialani, & Ulgiati, 2016). Har-
ding (2006), for example, suggests that research should take a more holistic approach and from the beginning be co-
produced with society, industry, and government. Several initiatives focusing on knowledge co-production have been
extensively applied in the water sector to effectively deal with complex policy issues (Pahl-Wostl, Mostert, &
Tàbara, 2008). The rationale behind these processes is they stimulate and support social learning, which is believed to
improve decision-making functions, relationships among stakeholders and their problem-solving capacity (Cundill &
Rodela, 2012).
Indeed, the value generated by circular water systems is likely significantly lower if society and industry are not
engaged to become water wise, as their role is instrumental to change (Abu-Ghunmi et al., 2016; Bouziotas et al., 2019;
International Water Association (IWA), 2016). Several authors argue that active involvement of society and industry
can facilitate the uptake of new technologies (Ormerod & Scott, 2013; Peake, Cherry, Steentjes, Scott, & Pidgeon, 2018),
the adoption of resource-saving practices (Hartley, 2006; Peake et al., 2018), and ensure investments in appropriate and
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effective technologies (Stahel, 2016; International Water Association (IWA), 2016; Smith, Brouwer, Jeffrey, &
Frijns, 2018).
2.1 | Co-production across disciplines and sectors
Integration of the CE concept at the government level and upper management of industry must rely on the coordinated
action from a wide range of stakeholders (Ghisellini et al., 2016). As further detailed in Box 1, co-production is not
always straightforward, entails many challenges, takes time, even when there is a shared goal and understanding
between the parties involved (Dewulf, Craps, Bouwen, Taillieu, & Pahl-Wostl, 2005; Sol, Beers, & Wals, 2013). Nonethe-
less, examples of co-production can be found in academia, business, and policy. It is important to review the different
sectors so that learning can be shared.
2.1.1 | Academic co-production
In academia, the move toward knowledge co-production has started with the growing appreciation of first
(a) multidisciplinary research, that is, research that, opposed to monodisciplinary research, draws on knowledge from
different disciplines but stays within their boundaries; followed by (b) interdisciplinary research, that is, research that
integrates theories or methods from different scientific disciplines; and increasingly, (c) transdisciplinary research, in
which knowledge co-production is key, defined as the integration of different disciplinary approaches and contributions
from both researchers and nonresearchers (Brugnach & Özerol, 2019; Lawrence, 2015; Pohl, 2011). The same transition
can, to a large extent, also be witnessed in the domain of water research (Brouwer, Büscher, & Hessels, 2017). This is
especially so for transdisciplinary research which is often regarded as a promising mode to tackle complex challenges
(Krueger et al., 2016; Larsen, Hoffmann, Lüthi, Truffer, & Maurer, 2016).
The rationale for academic knowledge co-production can be classified as threefold: (a) substantive, relating to the
idea that public participation in the production of knowledge improves the quality of research, for example, as a result
of newly raised research questions, alternative solutions, as well as the generation of more information (Reed, 2008);
(b) instrumental, rooted in the idea that stakeholders can potentially make large contributions to the quantity of avail-
able data, as well as the idea that processes of participation increase the legitimacy and acceptance of the final product
(Bonney, Phillips, Ballard, & Enck, 2016; Lidskog, 2008); and (c) normative, relating to the idea that there is an intrinsic
BOX 1 Co-production challenges
Although the involvement of relevant stakeholders dealing with water management, regulation, and consump-
tion is regarded as crucial for supporting the transition toward a circular water economy, co-production is not
always an easy process, and entails various challenges.
First, stakeholders may have competing interests and strategies, framing of policy issues, and knowledge
bases which may make it more difficult for stakeholders to align and collaborate (Dewulf et al., 2005; Sol
et al., 2013). It takes time for stakeholders to build trust and understanding to work successfully together on
projects (de Wit-de Vries, Dolfsma, van der Windt, & Gerkema, 2019).
Second, participatory initiatives of co-production entail additional costs for facilitation and community
management, which can discourage organizations to adopt such multi-stakeholder approaches (Lemos
et al., 2018). Co-production requires a significant amount of investment and, as with any relationship, trust is
integral for each party to know that their investment will not be wasted.
The final challenge is to effectively involve all stakeholders in knowledge co-production activities in spite of
their power asymmetries. Such differences in issue framings, capacity to participate (i.e., human and financial
resources, time), knowledge to be created and communicated can affect the relevance, legitimacy, and scientific
quality of transdisciplinary research (Brugnach & Özerol, 2019; Pandya, 2012; Renner et al., 2013). This means
that the initiatives do not always increase the legitimacy and acceptability as they are not truly co-produced.
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value and a strong moral “ought” for the democratization, through public engagement, of research processes
(Haywood, 2016; Stilgoe, Lock, & Wilsdon, 2014). The latter argument is especially dominant in the field of citizen sci-
ence, referring to any form of active public participation in the process of research to generate science-based knowledge
(Brouwer, van der Wielen, Schriks, Claassen, & Frijns, 2018).
2.1.2 | Co-production in business
Co-production of knowledge during innovation processes in business has been identified as a pivotal source of the com-
petitive advantage of businesses. The appreciation that such knowledge creation cannot always take place internally to
the firm prompted businesses to increasingly co-produce knowledge with external stakeholders during innovation pro-
cesses (Kazadi, Lievens, & Mahr, 2016; Mahr, Lievens, & Blazevic, 2014). For instance, well-informed and active cus-
tomers are increasingly recognized as a crucial external source of knowledge for innovation processes (Prahalad &
Ramaswamy, 2004). Firms may benefit from their knowledge, skills, and resources by co-producing knowledge and
engaging them in innovation processes and in the development of new products, whereby co-production with cus-
tomers is found most successful for the creation of highly relevant but moderately novel knowledge (Mahr et al., 2014).
Appealing examples of knowledge co-production processes in the private sector include toy company Lego's incorpora-
tion of user-designed sets (Antorini, Muñiz Jr, & Askildsen, 2012), as well as crowdsourcing platforms such as
InnoCentive, where companies like DuPont and Procter & Gamble pose problems for others to solve in exchange for a
reward (Howe, 2006). According to Kazadi et al. (2016), businesses no longer only focus on customers in innovation
processes, but increasingly also organize multi-stakeholder co-production processes with various interdependent exter-
nal stakeholders, such as for instance the logistics provider DHL, who in their efforts to reduce urban traffic and to
stimulate a greener economy involved a broad range of stakeholders, including citizens, academics, and public
authorities.
2.1.3 | Co-production in public policy
When it comes to stakeholder participation and co-production processes, the public sphere arguably has the longest
standing tradition, even if in this domain the traditional premier focus lies on policy and decision-making processes
rather than the production of knowledge. It is important to acknowledge the important role heterogeneous stakeholders
can have in contributing to effectiveness, efficiency and inclusivity. Over the past decades, in many domains including
in water management, traditional top-down approaches to policy design and implementation with “governments” as
single decision-making authorities, have been replaced by more deliberative, inclusive, poly-centric and bottom-up gov-
ernance processes, with the inclusion of a broad range of stakeholders from both the nonprofit and private sector
(Akhmouch & Clavreul, 2016). Indeed, it is argued that participation improves the outcome of a project, for instance by
including contextual knowledge, or more instrumentally, may promote ownership of decisions, making them easier to
implement (Carr, 2015; Irvin & Stansbury, 2004; Renn, Klinke, & Van Asselt, 2011). Stakeholder participation can also
be favored from a legal point of view, in cases where participation is practiced because of legal obligations, or from a
normative point of view, and the idea that allowing those who will be affected by a decision to have a say has an intrin-
sic value (Glucker, Driessen, Kolhoff, & Runhaar, 2013).
3 | THE EFFECTIVENESS OF COPS FOR WATER IN THE CE
Alongside the evolution of co-decision making to processes of knowledge co-production, there has also been a develop-
ment in the range of participatory techniques. The well-known techniques such as public hearings, workshops, and citi-
zen juries, are primarily optimized for the different degrees of participation based on power and co-decision. As further
discussed in Box 1, unequal power relations and their reinforcement in participatory initiatives is an important chal-
lenge in knowledge co-production processes. New alternative concepts and ideas have emerged around social learning
and knowledge co-production processes, including, very prominently, the idea of CoPs (Lave & Wenger, 1991; Reed
et al., 2010; Wenger, 1998). Focusing on participation in community life as a basis for learning and identity construc-
tion, CoPs are based upon social learning theories, according to which learning involves processes of “interpersonal
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relations […] imitation and modelling [and] observation” (Bandura, 1977 in Wenger, 1998, p. 280). Over time, the usage
of the term CoP has shifted substantially and has been used to explain learning and knowledge generation across a vari-
ety of work, organizational, and spatial settings (Amin & Roberts, 2008; Cox, 2005).
3.1 | Introduction to CoPs
The concept CoP was first coined in 1991 by the cognitive anthropologist Jean Lave and the educational theorist
Etienne Wenger (Lave & Wenger, 1991) as a new approach to understanding learning, focusing on informal and situ-
ated social interaction whereby learning from other learners is central. More recent conceptualizations treat CoPs as
the informal relations and understandings that develop in mutual engagement on an appropriated joint enterprise
(Wenger, 1998), to groups with the specific purpose to learn, create, and share knowledge (Wenger, McDermott, &
Snyder, 2002). The latter define CoPs as “groups of people who share a concern, a set of problems, or a passion about a
topic, and who deepen their knowledge and expertise in this area by interacting on an ongoing basis” (Wenger
et al., 2002, p. 4).
Accordingly, in this later work, the CoP concept becomes more viewed as a management tool through which geo-
graphically dispersed actors can be connected. By being mutually engaged with one another, CoP members share
insights, may critique or adopt each other's practices, share frustrations, and co-produce knowledge (Iverson &
McPhee, 2002).
Wenger, Trayner, and de Laat (2011) considers three elements as constitutive dimensions of CoPs: The domain, the
community, and the practice. To cultivate a CoP, the combination of the three must be developed in parallel.
1. Domain: A CoP is different than other stakeholder-engagement networks since its members identify themselves by a
shared domain of interest. Membership involves a commitment to the domain and a shared competence,
irrespectively of their organizational unit, or professional background.
2. Community: While showing their interest in their domain, community members develop, and share information,
help each other and join activities and discussions. In this form of sustained mutual interaction, members do not
necessarily work together on a daily basis but build relationships in order to learn from and support each other.
3. Practice: CoP members do not only share a common interest, over time, through active, and dynamic negotiation of
meaning. They produce a common practice where they develop and utilize a shared repertoire of resources. These
can be experiences, stories, tools, or ways of addressing recurring problems. To develop this kind of a shared practice
it takes time and continuous interaction (Wenger, 2011).
The concept of CoP has found a number of practical applications in business, organizational design, government,
education, professional associations, development projects, and civic life (Wenger, 2011). CoPs come in a variety of
forms, ranging from quite small to very large, completely informal to formally recognized, and from local to global.
Some CoPs meet mainly face-to-face, others mostly online.
3.2 | CoPs and social learning for the water-CE
CoPs can be viewed as a social learning system (Wenger, 2010), whereby members engage in social learning processes.
These eventually lead to the building up of (a) a shared problem definition, in particular when the problem is complex
and largely ill-defined (but this does not imply consensus building), and (b) trust as the base for a critical self-reflection
and to identify interdependencies and potential synergies among stakeholders (Pahl-Wostl, 2003).
Although it cannot be assumed that participation inevitably implies that social learning takes place, there is
ample evidence that participatory processes may stimulate and facilitate social learning (Reed et al., 2010). Stake-
holder involvement is seen as particularly relevant for managing complex or so-called “wicked” socio-technological
problems, difficult to resolve because scientific uncertainty, and value differences are both at the cause
(Cuppen, 2010). The water sector has many wicked problems which are predicted to increase in the future with cli-
mate change and increasing urbanization. CoPs accommodate diversity and try to realize innovative combinations
between highly different stakeholders, representing different knowledge resources, interests, and ambitions
(Edelenbos & Van Buuren, 2006).
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The move toward a CE includes both technological challenges and social innovations; circular solutions need to
take account of both aspects to ensure their successful implementation. Therefore, the implementation of circular solu-
tions can be seen as a complex socio-technological problem, in which stakeholder participation and social learning can
be regarded as essential (Pahl-Wostl, 2002). It is fair to hypothesize that CoPs may be of great importance to develop
effective solutions toward the CE. In addition, it is of paramount importance to evaluate whether knowledge co-
production processes are effective, efficient, and which outcomes can be attributed to stakeholder participation.
However, there is currently no consensus in the literature about the processes that stimulate and support social
learning and about which outcomes can be attributable to specific processes. The current literature, in fact, lacks an
adequate framework establishing causal relations between processes, outputs, and outcomes of CoPs. There is a need
for an evaluation methodology that could be transferred to other governance and socio-technological contexts.
4 | THE NEED FOR A COP EVALUATION FRAMEWORK
Although CoPs are being used widely in many sectors and disciplines, there is insufficient focus and a lack of consensus
on how to evaluate their outputs (Lorenz & Barlatier, 2007). This is not to say that no progress has been made, rather
current evaluation frameworks present limitations concerning the research methods used. As elaborated in Table 1,
two main types of evaluation methods emerge from the existing literature: one relies mostly on qualitative data, col-
lected through ethnographic studies and anecdotal stories; and the second uses quantitative analysis, statistical
methods, and modeling to assess the so-called “maturity” of CoPs.
The main limitation with existing qualitative approaches is that they are often resource-intensive and are based on
retrospective studies. Qualitative methods such as ethnographic observation require skilled researchers to invest a sig-
nificant amount of time conducting unstructured interviews and focus groups with CoP-members (e.g., Probst &
Borzillo, 2008; Wenger et al., 2011), and the retrospective nature of these studies hampers a definition of how the CoP
could improve (e.g., Thompson, 2005). Quantitative evaluation frameworks provide a significant improvement in the
evaluation methodology as they work in “real-time” by identifying actions that could potentially “move” the CoP
toward higher maturity stages through a roadmap of interventions (e.g., Boughzala & Bououd, 2011). However, these
quantitative approaches often overlook the social learning dimension of CoP-development by focusing predominantly
on how members score their CoP against a fixed set of criteria (e.g., Lee et al., 2010).
Two other major limitations of current qualitative and quantitative approaches consist in (a) a lack of consensus on
the hypothesis, indicators, and preconditions that are believed to support the development of CoPs (e.g., Craps &
Maurel, 2003; Wenger et al., 2011); and (b) a poor understanding of the causal relationships between co-production pro-
cesses occurring within CoPs and their outcomes (Cox, 2005; Wenger et al., 2011). These limitations hamper a clear
understanding of the preconditions and processes that make a CoP “effective” in stimulating and supporting social
learning. In addition, the complicated and resource-intensive nature of the evaluation frameworks result in a low trans-
ferability beyond the knowledge-management sector.
To overcome these limitations, we propose a framework that structures the evaluation of CoPs as the interrelation
between social learning outcomes and CoP dimensions, and analyses how and to what extent they contribute to the
achievement of specific CoP-objectives. The framework draws together a consensus on the methods used for evaluating
water knowledge co-production and social learning processes in the transition toward the CE. It aims at evaluating the
added-value of CoPs for creating an adequate multi-stakeholder environment for effectively enabling social learning
processes.
The proposed evaluation framework has been developed by reviewing the literature and is at an early experimental
stage where additional field-testing will be required to improve its reliability and ease of use among practitioners in the
water sector. The following sections provide methodological details of how the framework was constructed, as well as
an introduction to the project where it is being applied and tested.
4.1 | A new evaluation framework for analyzing social learning outcomes in CoPs
The development of a CoP, in terms of improvement in its effectiveness and efficiency, can be conceptualized as the
parallel development of CoP dimensions (Wenger, 2011) and social learning outcomes (Scholz, Dewulf, & Pahl-Wostl,-
2014). CoP dimensions are defined by Wenger (1998) as:
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• Mutual engagement of participants (community)
• Development of a shared repertoire (domain)
• Negotiation of a joint enterprise (practice)
Three outcomes of social learning processes can be identified, based on the definition of social learning by Reed
et al. (2010):
• Learning occurs through social interaction (relational outcome);
• Learning is situated within wider social units or CoPs (shared understanding); and
• Learning implies a change in understanding in the individuals involved (substantive outcome).
By associating the two concepts of CoP dimensions and social learning outcomes, it is possible to identify three key
elements: (a) engagement and interaction of stakeholders, (b) change in stakeholders issue frames, and (c) stakeholder
awareness of their own role and competence and of those of other members. As shown in Figure 1, these three elements
support knowledge co-production processes and connect CoP dimensions with their related social learning outcome.
TABLE 1 Overview of existing CoP evaluation frameworks
Predominant
approach
Author(s) and scope of the
study
Data-gathering
method Strengths of the method
Weaknesses of the
method













Division in value creation
cycles (maturity stages).
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success factors.
Prescriptive, based on fixed
maturity stages and
success factors.
Boughzala & Bououd, 2011:
Prescriptive assessment of













ICT tools (online fora and
communities).
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Analyzing this interrelation can give insight into how CoPs can stimulate social learning, and how this contributes to
the upscaling of the CE framework into the water sector.
The evaluation of CoPs should therefore consist of assessing the extent to which the development of CoP-
dimensions and the achievement of social learning outcomes supports the overall objective behind the establishment of
knowledge co-production processes. The proposed evaluation framework consists of an assessment of six key success
factors (KSFs) and 30 indicators (Table 2).
4.1.1 | Key success factors
Six KSFs were formulated following the same methodology of previous studies adopting success factors and indicators.
Specifically, a first literature review led to the identification of which skills and resources may lead to improved perfor-
mance (Grunert & Ellegaard, 1992); then, these causal relationships were further specified to distinguish between so-
called “failure preventers” (Matthyssens & Vandenbempt, 1998, p. 342) and actual success factors; finally, in order to
acquire additional information and practical implications of the KSFs for the water CE and preliminarily test the valid-
ity of the framework, four CoP facilitators were asked to provide constructive feedback on the relevance of the success
factors and indicators (Koop et al., 2017).
The six KSFs are (1) organizational support, (b) atmosphere of the meeting, (c) representation and engagement,
(d) convergence on a shared perspective, (e) identification of opportunities and challenges, and (f) generation of knowl-
edge. As depicted in Table 2, all three social learning outcomes and CoP dimensions are assessed against two KSFs, one
measuring CoP structural components (S) CoP and the other the epistemic ones (E). Structural and epistemic compo-
nents are two sides of the same coin of “CoP-development,” and are therefore interdependent: there is a certain degree
of organizational control on the structural aspects of a CoP, and investing in these provides support to epistemic activi-
ties; at the same time, epistemic activities require some degree of structure to support stakeholder engagement and
interaction and members identification with the joint enterprise of the CoP (Dessne & Byström, 2015;
Thompson, 2005).
4.1.2 | Indicators
Each KSF is measured by a set of indicators, which include specific CoP dynamics and characteristics that provide an
overall assessment of each CoP dimension and social learning outcome. The indicators were selected, through a litera-
















support to knowledge co-creation processes
Demonstration and upscaling of 
circular water solutions
Awareness of roles and
competences
FIGURE 1 Schematic
representation of the conceptual
framework. The development of the
three dimensions of a CoP
(community, domain, and practice) is
interrelated with the achievement of
social learning outcomes (relational
outcome, shared understanding,
substantive outcome). The parallel
development of these dimensions
supports knowledge co-production
processes, which are crucial for
upscaling the CE framework in the
water sector
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(e.g., Craps & Maurel, 2003; Wenger, 1998). The current set of indicators contains specific CoP dynamics and character-
istics that provide a quantitative measurement of each KSF, as shown in Table 2. The indicators are measured through
a Likert-type questionnaire administered to CoP-participants, ranging from 1 to 5. The score of each KSF corresponds
to the average of its indicators (Box 2). Annex 1 provides an example of the measurement of one KSF and its related
indicators (Table 3).
TABLE 2 List of the six KSFs and their related indicators
Key success factors (KSFs) Indicators
1. Support to stakeholder engagement and interaction from
organizational aspects, tools, and other artifacts. (S)
1.1 Advance provision of meeting information and
materials
1.2 Adequacy of the meeting venue
1.3 Adequacy of the duration of the meeting
1.4 Presence of outputs/materials acting as culturally
symbolic infrastructure
1.5 Presence of leadership figures
2. Adequacy of the meeting atmosphere for enabling stakeholder
interaction mutual engagement. (E)
2.2 Improvement in working relationships with other
participants
2.2 Existing relationships and new connections
2.3 Clarity of presentations and speakers
2.4 Spontaneous behavior and communication
2.5 Trust in others’ openness in communicating own
opinions, concerns, interests, goals
3. Inclusion and engagement of all relevant stakeholders and interest
groups in relation to the issue(s) at hand. (S)
3.1 Opportunity for individual participation and input
3.2 Participation and inclusion of newcomers
3.3 Constructive management of (potential) conflicts and
differences
3.4 Representation of all relevant stakeholders and interest
groups
3.5 Inclusion of all relevant perspectives in the discussion
4. Convergence on a shared perspective on the issue(s) at hand. (E) 4.1 Agreement on what will be discussed
4.2 Awareness of interdependencies of actions and desired
outcomes
4.3 Awareness of presence/lack of resources available to
the community
4.4 Changes in own perspective
4.5 Quality of the moderation of the discussion
5. Identification of opportunities and challenges for implementing joint
action. (S)
5.1 Opportunities to reflect and talk about collective
experiences and processes of the project
5.2 Formulation of conclusions to the discussion and the
meeting
5.3 Formulation of actions to address problems and
capitalize on opportunities
5.4 Inspiration for follow-up/embedding in own
organization
5.5 Ability of participants to influence agenda or
procedures
6. Generation of useful knowledge in relation to the topic at hand. (E) 6.1 Increased knowledge on the issue(s) at hand
6.2 Generation of new terms and language
6.3 Creation of new expectations
6.4 Awareness of own role and role of other participants
6.5 (potential) improvement in personal/organizational
performance
Note: Each evaluation item is assessed against two KSFs, one measuring CoP structural components (S) CoP and the
other the epistemic ones (E).
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5 | DISCUSSION: HOW COPS CAN SUPPORT WATER IN THE CE
The development and upscaling of the CE creates many positive opportunities but also challenges of uncertainty
resulting from the increasing complexity of circular systems of materials and nutrients. These challenges are partic-
ularly relevant for the water sector, which has traditionally been characterized by “sectorial” engineering-
technocratic approaches (Rotmans & Loorbach, 2009; van de Meene, Brown, & Farrelly, 2011). New technologies
and actors like end-users and citizens are assuming more predominant and powerful roles, which challenge the tra-
ditional top-down, command-and-control governance approaches and a clear division of responsibilities and func-
tions (van Vliet, Chappells, & Shove, 2005). Water management institutions, research institutes, and technology
developers are realizing the importance of co-producing interdisciplinary research with the aim of developing more
integrated and circular resource management and governance approaches (Ferguson, Chan, Santelmann, &
Tilt, 2018; Renner et al., 2013).
The establishment of CoPs to stimulate and support social learning and knowledge co-production offers promising
new ways to deal with issues of complexity and uncertainty arising from the upscaling of water-CE (Cuppen, 2010;
Pahl-Wostl, 2002). There are three dimensions through which CoPs can support knowledge co-production processes for
upscaling CE in the water sector. This includes the following:
5.1 | Support participation and interaction of all relevant stakeholders
This first dimension is the establishment of an effective and efficient CoP. It is also necessary for upscaling the CE con-
cept in the water sector, because it can allow for the identification of synergies and interdependencies that can further
close the loop of water, materials, and nutrients (Pahl-Wostl, 2002; Wenger, 2010). This is materialized in practice
through processes of “vertical and horizontal integration” (Ghisellini et al., 2016), which presupposes some level of
agreement and trust among stakeholders at different scales and levels.
The degree of organizational support available to CoPs can support stakeholder participation and equal repre-
sentation (Reed et al., 2010; Wenger, 1998). Measures of organizational support include technical aspects such as
meeting venue and duration of the meeting, but also includes other aspects such as the creation of a safe space to
help initiate collaborative relationships and understanding (Ferguson, 2016; Reed et al., 2010). Measuring these two
factors can therefore ensure that participating stakeholders are willing to collaborate, and that there is adequate
structural support.
However, as earlier discussed, stakeholder participation and interaction does not directly result in all stakeholders
being represented, or that the CoP develops an identity that members share (Thompson, 2005). In addition, the classifi-
cation of stakeholders as relevant depends on the governance and technological context of the CoP, which can result in
some stakeholders having more decision-making power than others.
BOX 2 CoPs for the diffusion of circular water solutions: Brief overview of the NextGen project
The H2020 project “NextGen: Toward a next generation of water systems and services for the CE” aims at dem-
onstrating innovative technological, business, and governance solutions for water in the CE in 10 demonstration
cases across Europe (www.nextgenwater.eu). In NextGen, 10 CoPs have been established for each demonstra-
tion case, with the aim of involving and engaging stakeholders from the whole water value chain and offering
an engagement environment around the innovations demonstrated. They bring together representatives from
the water industry (operators), authorities (regulators), engineering companies, consultants, research institutes,
representatives of non-governmental organizations, and potential end-users. CoPs in NextGen cover four key
topics: setting the scene, closing the loop, implementation, and upscaling and evaluation. The proposed evalua-
tion framework will be further used in NextGen to test and improve its reliability among practitioners in the
water sector.
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5.2 | Bridge gaps in stakeholders’ knowledge bases through facilitating alignment
The second dimension is the extent to which stakeholder engagement and interaction leads to some degree of alignment of
issue frames and knowledge bases. Alignment can be hampered in numerous ways. First, differences in stakeholder issue
frames can hamper the knowledge co-production process and decrease the potential of the CoP in effectively upscaling the
CE framework in the water sector, especially when stakeholders’ perspectives on the specific issue(s) at hand are conflicting
(Cuppen, 2010; Ferguson, 2016). Second, uneven knowledge bases can lead to different expectations among stakeholders
on the outputs and outcomes of the CoP (Djenontin & Meadow, 2018). This in turn can decrease the motivation of stake-
holders to be active members of the CoP and their perception of the value created by its outputs and outcomes.
The alignment of stakeholders’ issue frames can be measured by the level of representation and engagement of rele-
vant stakeholders in the CoP and by their convergence toward a shared perspective on the issue(s) at hand. These two
factors are interdependent, because CoP-members may prefer to only involve stakeholders with similar issue frames,
which could make it easier to share resources among them and reach for agreement (Lemos et al., 2018; Porter &
Dessai, 2017). The alignment of stakeholders’ issue frames and their fair representation does not always result in agree-
ment and collaboration, especially when conflicts among stakeholders may hinder the policy- or decision-making pro-
cess (Dewulf et al., 2005). The literature gives much importance to the need for a shared culture that is constructed
among CoP-members through iteration and negotiation (Pahl-Wostl et al., 2007).
5.3 | Facilitate the identification and definition of role and responsibilities
The third dimension focuses on stakeholders’ identification and awareness of their role and responsibilities and that of
other members. It assesses how this contributes to the development of a shared (organizational) culture and willingness
to build collaborative agreements or partnerships based on shared opportunities and challenges. Inherent to this CoP-
dynamic are processes of negotiation and sustained mutual interaction, which in turn lead to the co-generation of
knowledge (Wenger, 1998). Even when conflicts emerge, these processes are critical for supporting the construction of
a water-CE practice shared among and accepted by CoP-members (Cuppen, 2012).
The formulation and identification of opportunities and challenges should deliver useful knowledge to support the
integration of the CE framework into the current water management regime of specific governance contexts
(Wenger, 1998). This process relies upon a shared understanding on the current water management context and a
shared vision for the future circular water system. CoP-members should therefore be engaged with in workshops or
feedback sessions where they have the opportunity to evaluate whether the information they gathered is useful and
usable, if new expectations were created, and if their perspective on the issue(s) at hand has changed after participating
to the CoP.
6 | CONCLUSION
The participation of stakeholders across policy sectors and geographical scales, and the inclusion of different perspec-
tives, interests, and needs, are important requirements to effectively upscale the CE framework in the water sector.
Engaging in knowledge co-production initiatives can increase stakeholder capacity of dealing with complex and interre-
lated issues, such as the diffusion of the CE in a highly technical sector, support policymaking functions in potentially
conflicting situations, and stimulate the establishment of collaborative decision-making platforms. This article has
highlighted that CoPs are of great importance to develop these effective solutions toward the CE. However, it is of para-
mount importance to evaluate knowledge co-production processes to understand which outcomes can be attributed to
stakeholder participation.
This article has evaluated the literature to understand and evaluate what makes CoPs effective and efficient in stim-
ulating and supporting knowledge co-production processes. The proposed evaluation framework is based on the interre-
lation between the development of CoP-dimensions and the achievement of social learning outcomes. It evaluates the
activities and outcomes of CoPs to improve stakeholders’ willingness to collaborate, facilitate a fair representation of all
relevant stakeholders, support the convergence toward a shared issue frame, and improve the quality of the knowledge
co-produced through stakeholder engagement and interaction in CoPs. Future research to test the validity of the frame-
work is welcomed, which could potentially expand its application beyond the water sector.
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ANNEX 1: Example of the measurement methodology
TABLE 3 Example of the measurement of KSF #6 and its related indicators
KSF #6: Generation of useful knowledge in relation to the topic at hand
Indicator Predefined Likert-type statement(s)
6.1 Increased knowledge on the issue(s) at hand The meeting helped me to increase my knowledge on circular water solutions.
6.2 Generation of new terms and language I got acquainted with the new terms and language used during the meeting.
6.3 Creation of new expectations Participating to the meeting inspired me with new expectations from the
outcomes of the project.
6.4 Awareness of own role and role of other
participants
I have a clearer understanding of how I can contribute to the objectives of this
community.
I am aware of what is the role of the other people participating to the meeting.
6.5 (potential) improvement in personal/
organizational performance
I believe that participating to this community will improve my personal/
organizational performance.
Likert-type level for indicator 6.4 Awareness of own role and of other participants’ role
Level (highest to lowest score) Description
Complete definition and high awareness (5) Participants know how their competences can contribute to the objectives of the CoP,
and they know when/how contribution from other members is needed.
Partial understanding and definition of own
and others’ role (4)
Participants have a general understanding of how each of them could potentially
contribute to the objectives of the CoP, but they are not sure about how they could
help each other.
Ongoing negotiation of own and participants
roles (3)
Participants are still defining how they can put their own competences to use for
achieving the objectives of the CoP.
Awareness of own contribution but no
understanding of others’ roles (2)
Participants know what they could do for the CoP, but they are not aware of what the
role of other members is or how the CoP could benefit from their competence.
No awareness of own contribution to the
practice (1)
Participants do not know how they could help the CoP, nor how other members could
help achieving the objectives of the CoP.
Note: For the KSF in the example, each indicator is presented together with its related Likert-type statement(s),
followed by an example of the description of the Likert-type level (score from 1 to 5) for the indicator 6.4 Awareness of
own role and role of other participants.
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